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Recent  innovations  in  Hying  training,  most  notably  the  technique  of  audio-video  avoiding,  suggest  .1  vei> 
promising  approach  to  (lie  training  of  fighter  pilots.  The  objective  of  this  project  was  to  piovule  a  low-cost,  reliable 
audio-video  recording  system  (AVRS)  for  airmail  equipped  with  Head-Dp  Display  (HUD)  that  would  be  capable  of 
recording  both  the  external  real  world  cues  through  the  aiieialVs  Ibiwaid  windscreen  as  well  as  the  symbology  ol  the 
MUD  projected  on  the  aircraft's  combining  glass,  t  he  ultimate  ob|cviive  is  a  tcsearch  program  to  assess  audio-video 
recording  in  HUD-equipped  aircraft  as  both  a  technique  for  improvement  of  training  and  as  a  tool  for  pilot  piol'iciency 
assessment.  Two  A-7D  aircraft  were  fitted  with  an  AVRS  constructed  from  low-cost,  commercial  equipment  with  a 
good  record  of  reliability.  The  equipment  was  modified  to  make  it  compatible  with  the  aiicialt  ami  its  High  I 
environment.  The  system  proved  capable  of  recording  the  symbology  on  the  HUD.  as  well  as  resolving  ground  targets  at 
normal  altitudes  and  slant  ranges  encountered  in  the  training  environment.  Although  the  equipment  is  quite  acceptable 
for  the  purpose  intended,  it  was  not  concluded  on  the  basis  of  this  study  that  this  particular  engineering  design  would 
be  satisfactory  for  Heel-wide  retrofit.  Deficiencies  that  are  acceptable  I'm  a  research  program  might  prove  completely 
unacceptable  for  an  operational  system. 
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Recent  innovations  in  Hying  training,  most  notaiily  the  technique  of  audio-video 
lecordlng.  suggest  a  very  promising  approach  to  the  training  of  fighter  pilots.  The 
objective  of  this  project  was  to  provide  a  low-cost,  reliable  audio-video  recording  system 
(AVRS)  for  aircraft  equipped  with  llead-Up  Display  (I1UD)  that  would  be  capable  of 
recording  both  the  external  real  world  cues  through  the  aircraft's  forward  windscreen  as 
well  as  the  symbology  of  the  HUD  projected  on  the  aircraft's  cotnl  ting  glass.  The 
ultimate  objective  is  a  research  program  to  assess  audio-video  recording  in  HUD-equipped 
aircraft  as  both  a  technique  for  improvement  of  training  and  as  a  tool  for  pilot 
proficiency  assessment.  Two  A-7D  aircraft  were  fitted  with  an  AVRS  constructed  from 
low-cost,  commercial  equipment  with  a  good  record  of  reliability.  The  equipment  was 
modified  to  make  it  compatible  with  the  aircraft  and  its  flight  environment.  The  system 
proved  capable  of  recording  the  symbology  on  the  HUD.  as  well  as  resolving  ground 
targets  at  normal  altitudes  and  slant  ranges  encountered  in  the  training  environment. 
Although  the  equipment  is  quite  acceptable  for  the  purpose  intended,  it  was  not 
concluded  on  the  basis  of  this  study  that  this  particular  engineering  design  would  be 
satisfactory  for  fleet-wide  retrofit  Deficiencies  that  are  acceptable  for  a  research  program 
might  prove  completely  unacceptable  for  an  operational  system. 
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Problem 

I  he  ptlipose  "I  tills  pm)ccl  w .is  In  develop.  install.  .mil  pcilmiii  ciigincciing  evaluation  »>l  J  low -cost, 
tellable  audio-video  levoidmg  s\ slein  Ini  the  A-71)  aiicialt  ili.il  would  he  capable  ul  lecnrding  Head  l  p 
Display  symbology  as  well  as  niilside  leal  woild  eiies  I  lie  etjiiipineiil  had  in  he  ^ .ip.ihle  u|  lesnlviug  giound 
laigels  al  alliludes  and  slant  unites  eneminleied  in  the  turning  enviiniinieni 

Approach 

I  he  pio|ecl  was  enndueled  in  Inin  phases  During  the  lust  phase  the  tuiitiaelnt  designed  an 
audio-video  ice<>tdinj>  system  Ini  the  A-71).  The  design  leqinieinenls  specified  use  nl  cninineKi.il 
oll-the-shelf  et|uipinenl  Such  equipment  had  in  he  Inw  in  .nst  and  high  in  reliability  The  second  phase 
pmvided  T>i  pmciiieiiieni  and  nindificalinii  nl  the  equipment  as  iiecess.uy  in  cnnlorm  in  the  engmecung 
design.  Ne\l.  (lie  AVKS  was  inslulled  in  iwn  A-7|)  auei.it t  ’I he  linal  phase  provided  Ini  completion  nl 
lliglil  test  and  engineering  evaluations 

Results 

Although  initially  plagued  with  difficulties,  both  systems  ultimately  pmvided  acceptable  video  tapes 
(  nsi  was  kept  within  piogiaiiinied  limits,  and  ei|uipnient  reliability  and  peilnimance  met  desired  standaids. 

Conclusions 

With  slight  modilicatinns.  low-cost,  comuieieial  audio-video  erjuipuienl  can  he  made  in  npeiate 
reliably  and  effectively  in  the  stiingent  lliglit  eiiviinnmeiil  of  a  figlitei  uncial t . 

I  his  summary  was  prepared  by  Joe  A.  I  il/geiald.  Combat  Crew  Training  Hunch.  Hying  Training 
Division.  Air  Force  Unman  Resources  l.aboialory. 
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I.  HA(  MiKOCNI) 

Previous  Research 

This  p  inject  is  the  thud  eliort  of  the  Air  force 
lltimaii  Resources  Laboratory  itt  the  development 
ol'  low-cost  audio-video  recording  systems  (AVRS) 
lor  use  in  Hying  training  research.  In  the  initial 
effort  conducted  between  September  l%7  and 
July  |%l)  under  an  Air  l-oice  contract.1  an  AVRS 
for  the  T-37  aircraft  was  designed,  installed,  and 
checked  out.  Subsequently  training  tesearch  was 
pet  formed  utilizing  the  equipment.  The  work  was 
conducted  at  Vance  Air  Korce  Base,  with  Coder- 
graduate  Pilot  Training  students  as  the  test 
subjects. 

The  AVRS  for  that  project  incorporated  off- 
the-shelf  components,  but  major  engineerTig 
modifications  were  tequired  to  adapt  the  system 
lot  aitbotne  operation  in  the  T-37  aircraft.  The 
audio-video  recorder  unit  recorded  on  I  2-inch  I 
mil  tape,  giving  a  total  recording  time  from  the 
4-1/2-inch  reel  of  approximately  22  minutes.  Two 
vidicon  cameras  were  used  in  the  aircraft:  one 
camera  was  mounted  to  view  selected  portions  of 
the  instrument  panel  and  the  olliei  provided  a 
forward  view  through  the  windsciecn.  as  closely  as 
possible  approximating  the  pilot's  eye  view.  The 
audio-video  recorder,  a  Sony  Model  DVK2400. 
operated  on  battery  power.  This  model  was 
selected  because  it  was  the  only  off-the-shelf 
portable  recorder  which  would  fit  the  installation 
space  available  in  the  aircraft.  The  tesolulion  of 
the  recorder  was  approximately  200  lines.  Studies 
utilizing  the  equipment  detnonstialed  improved 
achievement  levels  and  apparently  faster  learning 
rates  for  students  ttained  with  the  AVRS 
(Schumacher.  Rudov. &  Valverde.  1070). 

Because  of  the  encouraging  lesults  of  the  work 
at  Vance  Air  Korce  Base  on  the  T-37.  the  studies 
of  airborne  AVRS  were  continued. :  After  some 


1  Work  sponsored  by  the  Training  Research  Division  ot 
the  Air  Force  Human  Resources  l.ahorat-ny  conducted 
under  Contract  F33(>1  S-68-C  10-18  In  American  Instt 
titles  for  Research,  I’iltsburph.  I’ennss  Iv.iniu.  and 
Conduc Iron  Corporation,  St.  Charles.  Missouri. 

“Work  sponsored  by  the  Training  Research  Division  ol 
the  Air  Force  Human  Resources  Laboratory  conduc  ted 
under  Contract  F336  1  8  6()-C-l 8 Hi  with  Conduction 
Corporation.  St.  Charles,  Missouri 


miidilicatniii.  equipment  used  in  the  Vance  pioject 
wa-  installed  in  an  1-41  at  Nellis  An  I  okv  Base 
The  purpose  of  this  latei  lest  was  to  establish  the 
leasibility  .  quality .  and  utility  ol  audio-video  tape 
tecordtngs  as  a  lighten  lliglil  training  and  docu¬ 
mentation  technique  (klamm.  Jacobs.  A  Cl.uk. 
1470). 

Hie  two  television  camera  ,.\  stems  allowed 
simultaneous  recording  by  splitting  the  TV  display 
of  the  scene  viewed  through  the  gunsiglit  and  the 
indications  of  the  principal  flight  msliumenis 
Audio-video  tapes  were  obtained  ol  air-to-gioiind 
weapon  delivery,  dart  attack,  an  combat  maneu¬ 
vering.  simulated  nuclcat  weapons  delnery.  and 
close  ait  support  missions. 

A  number  of  problems  wete  enotmicted  which 
caused  this  project  to  be  somewhat  loss  successful 
than  the  Vance  work.  One  of  the  major  problems 
was  related  to  the  fact  that  battery  powet  was 
utilized  rather  than  aircraft  powet.  In  some 
instances,  the  batteries  were  not  fully  recharged, 
had  cortoded  leads,  or  were  improperly  installed. 
However,  this  problem  was  corrected  dining  the 
test  by  converting  the  system  to  aircraft  power. 
Anothei  major  source  of  pmhlems  was  the  fragik 
structure  of  the  base  housing  the  videocoulet  The 
base  Hid  not  provide  adequate  protection  foi  the 
electronic  components,  and  dents  m  the  case  •  •) ten 
restricted  tape  movement  so  that  usable  lecotdings 
were  not  obtained.  Still  another  problem  area  was 
the  reflections  from  instrument  glass  covets  which 
frequently  impeded  reading  of  the  instruments, 
f  inally .  video  tape  play  back  resolution  was  below 
that  level  required  for  detailed  mission  assessment. 
Because  of  these  problems  and  others,  the  results 
were  not  as  delmtlive  as  had  been  expected. 
However,  tin  pioject  did  prove  that  reasonably 
good  video  tapes  could  he  obtained  undet  the  high 
vibration  and  g-load  conditions  of  a  fighiei-typv 
aircraft  using  low-cost,  coimtieicial  equipment 
The  experience  gamed  ft om  both  the  Vance  and 
the  Nellis  projects  paved  the  way  lot  the  develop 
mem  of  the  A-71)  AVRS. 

Comparison  of  Audio-Video  and 
Motion  Picture  Recording 

Audio-video  tcciudmg  (AVR)  olleis  many 
advantages  met  motion  picture  avoiding  t MI’Rl 
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.is  well  .is  smile  distinct  disadvantages.  Some  of  the 
notable  dil'leiences  between  (lie  two  modes  are 
hrielly  discussed. 

Rmmmv  lim c.  The  running  time  lor  AVR  is  a 
function  of  the  kind  of  equipment  selected  hut  is 
much  longer  than  that  of  the  ltuiim  cameras  now 
in  use.  l-'or  example,  the  Sony  AV.UOO  video 
lecordei  used  for  the  A-71)  AVRS  has  approxi¬ 
mately  a  30-minute  tape  capacity.  The  N-1)  gun 
camera  used  in  the  I -100  aircraft  has  1.3  minutes 
of  film  capacity  at  32  flames  per  second.  The 
experimental  Mill iken  camera  (DBM-2A)  for  the 
A-71 )  has  six  minutes  of  film  capacity  at  16  frames 
pei  second. 

t.iglil  l.evel  Adaptation.  TV  cameras  are  cap¬ 
able  ol  adapting  automatically  to  a  wide  range  of 
light  levels.  A  typical  range  is  TO  to  10,000  foot 
candles,  the  automatic  sensitivity  range  of  the 
Sony  Model  AV.UOO  video  camera.  Motion 
picture  cameras  in  use  today  in  fighter  aircraft 
must  be  pre-set  on  the  ground  f.  r  the  light  level 
range  expected  in  the  target  aiea.  If  the  actual 
light  level  differs  from  that  expectation,  the 
quality  of  the  film  will  suffer  On  the  other  hand, 
the  v  idtcoii  unit  of  the  video  camera  can  be 
damaged  by  excessive  direct  exposure  to  the  sun's 
lays,  although  the  vulicon  unit  will  heal  itself  if 
the  damage  is  not  too  great.  Permanent  damage 
can  result  in  loss  of  vidicon  sensitivity  and 
retention  ofbutned-in  images. 

Audio  Record  mi;.  Recent  video  recorders  such 
as  the  Sony  AV.U00  provide  good  quality  audio 
recording  Such  audio  information  can  piove  quite 
tiselul  as  an  adjunct  to  the  video  information,  l  or 
example,  during  a  gunnery  pass  a  student  pilot  can 
describe  how  he  perceives  the  situation  and  what 
corrections  he  is  attempting  to  make.  This 
mfoimutinii  can  be  veiy  useful  to  the  student  and 
his  inst i nc tor  in  diagnosing  the  source  of  eirors. 

Rcvlutioti  I  he  resolution  of  lightweight  AVR 
has  been  improving  steadily  over  the  years.  Mow- 
evei.  ii  does  not  yel  eqi.il  tile  resolution  of  high 
qualm  MI’R  Whether  or  not  the  lesohition  is 
sal isl .is lory  depends  on  the  intended  use.  Hie  200 
line  lesnhiiion  of  the  T-37  AVRS  designed  I'm  i he 
Vance  study  was  satisfactory  lor  recoi ding  landing 
patterns,  but  the  same  lesolutton  was  not  com¬ 
pletely  satisfactory  ill  the  Nellis  study  because  it 
sould  not  properly  ic solve  the  dart  taiget  I’m  atr- 
lo-.ni  gunnery,  an  important  mission  ol  the  I--41.. 
I  he  .'(It)  line  system  ol  the  \-7D  AVRS  can 
resolve  quite  satisfactorily  the  llead-l'p  Display 
till  I))  symbology,  ground  targets,  run-in  lines, 
.uni  bomb  ,ujes  Ii  can  also  resolve  the  dart 


target,  although  this  was  not  a  requirement  since 
air-to-air  is  not  a  mission  of  the  aircraft. 

Time  Delay  from  Mission  Completion  to  Re¬ 
new.  AVR  tapes  can  be  played  immediately  upon 
mission  completion  since  no  processing  is  required. 
This  is  an  important  characteristic  because  a 
student's  recollection  of  mission  details  tends  to 
diminish  rapidly  with  time.  Processing  time  for 
gun  camera  film  can  vary  from  about  15  minutes 
to  hours,  or  even  several  days,  depending  on  the 
kind  of  processing  equipment  available  and  the 
workload. 

Complexity  and  Hulk.  AVR  equipment  is  more 
complex  than  MPR  equipment  and,  therefore,  is 
subject  to  more  problems.  AVR  requires  a 
recorder  that,  although  relatively  small,  is  much 
larger  than  a  film  cartridge.  It  also  requires  a 
control  unit,  a  camera,  and  the  associated  wiring. 
By  comparison,  a  16mm  gun  camera  is  a  relatively 
simple,  self-contained  unit.  Ilowcvei.  the  bulkier 
items  of  AVR  equipment  such  as  recorder  and 
control  box  can  be  remote  from  the  cockpit, 
leaving  only  a  small  vidicon  unit  with  its  associated 
mirror  and  light  battle  in  the  cockpit.  With  proper 
design  of  AVR  equipment,  then,  restriction  to 
forward  visibility  need  not  exceed  that  presented 
by  a  1 6mm  gun  camera. 

Color.  Lightweight,  low-cost,  color  AVR  did 
not  exist  at  the  time  this  project  was  undertaken, 
but  the  present  trend  seems  to  indicate  that  such 
equipment  will  not  be  long  in  coining.  Color  could 
prove  to  be  an  important  factor  in  future  designs. 
On  the  other  hand,  high-quality  lomm  color  for 
gun  camera  systems  is  a  present  reality. 


II.  PROGRAM  PI-AN 

The  program  lor  the  present  study  consisted  of 
four  phases:  design,  development,  installation  and 
suppoit.  and  evaluation. 

Design.  During  the  design  phase  measurements 
were  obtained  ol  the  representative  A-71)  aircraft 
at  Luke  Air  force  Base  In  addition,  installation 
data  were  obtained  from  Ling-Temco-Vouglit 
(I  IV)  Aerospace  Corporation  and  from  the  A-71) 
simulator  presently  under  construction  by 
('ondiictron  Corporation.  Mechanical  layout  and 
detailed  design  were  completed  based  on  the  data 

Development  During  the  development  phase 
the  Sony  equipment  was  modified  in  accordance 
with  the  system  design,  and  the  explosion  proot 
qualification  was  completed.  It  was  not  deemed 
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necessary  to  do  further  experimental  testing 
because  test  data  available  on  similar  Sony  equip¬ 
ment  could  be  extrapolated  to  include  the  newer 
equipment. 

Installation  anil  Support.  Two  AVR  systems 
were  installed  in  the  selected  A-7D  aircraft,  and 
two  weeks  of  field  support  were  provided.  This 
effort  included  instruction  of  Air  Force  personnel 
in  the  operation  and  maintenance  of  the  AVRS. 

Flight  Test  and  Fvuluation.  Flight  tests  were 
performed  to  insure  that  engineering  criteria  were 
met  and,  further,  to  obtain  reliability  and 
maintainability  information. 

III.  SYSTEM  DESCRIPTION 

The  A-7D  AVRS  was  designed  to  use  only  low- 
cost  commercial  equipment.  This  was  a  reasonably 
low-risk  undertaking  because  experience  gained  on 
a  similar  design  for  the  F-4F.  could  be  directly 
applied. 

An  important  requirement  was  that  the  camera 
and  optics  should  be  as  unobtrusive  as  possible.  In 
compliance  with  this  requirement,  the  feasibility 
of  using  fibre  optics  to  remote  the  camera  was 
investigated.  Unfortunately,  video  transmitted 
through  the  fibre  optics  bundle  tested  was  not  of 
sufficient  quality  to  justify  its  use. 

The  A-7D  AVRS  includes  equipment  installed 
in  the  aircraft  and  stationed  on  the  ground.  An 
illustration  and  several  diagrams  are  included  in 
the  appendix  to  show  the  system  components, 
their  locations,  and  their  interrelationships.  Total 
weight  of  each  aircraft-installed  system  including 
cables,  brackets,  and  optics  is  31  pounds.  11 
ounces.  Additionally,  the  system  accommodates 
installation  in  either  prc-l)-27  or  D-27  and 
subsequent  A-7  aircraft.  The  airborne  and  ground 
based  components  of  the  system  are  briefly 
described. 

Airborne  Equipment 

Video  Tape  Recorder.  The  video  tape  recorder 
is  a  modified  Sony  AV-3400  video  recorder  The 
modifications  included  installation  of  a  12  Vl)C 
power  supply  to  replace  the  batteries, 
modification  of  the  recorder  switching  and  mode 
control  circuits  to  permit  remote  operation  by  the 
pilot,  modification  of  the  audio  circuitry  foi 
compatibility  with  the  A-7  intercom,  removal  ”1 
existing  Sony  connectors  and  replacement  with 
military -type  connectors,  and  modification  «»| 
on  tel  case  and  cover  to  facilitate  installation  id  the 
unit  in  the  A-7  electronics  equipment  bay  The 


unit  is  approximately  (>  inches  in  height.  10-1/2 
inches  in  width,  and  I  1-1/2  inches  in  depth. 

Camera  Control  Unit.  The  camera  control  unit 
is  a  modified  Sony  A  VC-3400  video  camera  The 
modifications  included  removal  of  the  vidicon 
assembly,  deflection  yoke,  and  focus  coils, 
removal  of  the  audio  microphone  and  associated 
electronics,  modification  of  switching  and  remote 
control  circuitry,  disablement  of  the  first  tluee 
stages  of  video  amplification,  removal  ol  the 
existing  Sony  umbilical  cable  and  replacement 
with  military-type  connectors,  and  modification  ol 
the  outer  cover  to  facilitate  installation  of  the  unit 
in  the  A-7  aircraft.  The  control  unit  is  2-1/2  inches 
in  width.  8-1/2  inches  in  length,  and  S  inches  m 
height.  The  weight  is  4  pounds.  I  ounce. 

Vidicon  Unit.  The  vidicon  unit  consists  ol  the 
vidicon.  the  deflection  yoke  and  focus  coils 
removed  from  the  control  unit  assembly,  a  three- 
stage  video  preamplifier  board,  a  system  lemote 
control  switch,  and  system  operating  mode 
indicators.  All  parts  were  enclosed  in  a  2  by  2  by 
5 -inch  section  of  aluminum  tubing  with  a 
military-type  signal  connector  mounted  on  one 
end  and  camera  lens  (  -mount  adaptei  on  the 
other.  Four  mounting  studs  wcie  brought  out  the 
bottom  to  facilitate  installation  of  the  unit  in  the 
A-7  cockpit.  Weight  of  the  vidicon  unii  is  2 
pounds.')  ounces  including  its  mounting  biackcis. 

System  Optics.  The  optics  include  a  2<>niin . 
FI.')  to  1*22 .  2  feet  thiough  infinity .  (-mount 
Cosnucai  lx  ns  (model  2?l')>.  a  l/4-inch  thick. 
2.2-inch  wide,  and  3.5-inch  high  combining  glass 
and  mount,  and  a  l/S-mch  thick.  appioMinately  2 
by  3-mch  combining  glass  light  bailie  I  he  weight 
of  these  assemblies  is  1 2  ounces 

System  Cables  The  system  cabling  consists  ol 
one  standaid  neopiene-coveied  powci  cable,  one 
recordci  In  control  uml  cable  with  audio  adaptei 
lor  gaining  access  to  the  aiictall  mieicoin  system 
one  coniiol  uml  lo  vidicon  unit  cable.  ..ltd  one 
c  'll  I  r  ol  unit  lo  alignment  tuonilot  cable  All  cables 
were  letmmaied  w  nh  military -ts  pc  c ounce  lots 
Wire  bundles  weie  cover’d  first  with  nylon  tape, 
then  with  a  double  thickness  ol  l-mdi  braided 
conductive  shielding  tape,  and  filially  with  an 
appropriate  si/e  clear  vinyl  tlexihlc  luhing.  they 
were  identified  with  chicken  bands  ai  appiopnaic 
places  Total  weight  ol  aiictall  installed  cables  is  ‘ 
pounds.  14  ounces 

Gruund  based  Equipment 

Migitmcni  W>nir»r  I  Tie  alignment  iikmuioi  is  j 
modified  Symphonic  IIs!  MlMl  c-uidi  billets  ,.| 


AC  upeiatcd.  commercial  grade  television  receiver. 
The  modifications  included  removal  of  the 
external  earphone  audio  circuitry  and  use  of  the 
jack  to  piovide  a  switching  connection  to  disable 
the  normal  broadcast  video  signal  and  permit 
injection  of  the  AVRS  video  when  the  monitor  is 
used  on  the  Might  line  lor  s>  stem  horesighling  and 
alignment.  When  not  in  use  for  AVRS  alignment, 
the  monitor  can  be  operated  as  a  conventional 
broadcast  TV  receiver. 

I'lavbaek  Unit.  The  playback  unit  is  an  un¬ 
modified  Sony  AV-3(>00  videoeorder  which  is 
compatible  with  the  video  tape  recordings 
produced  by  the  airborne  video  tape  recorder.  The 
unit  operates  on  I  I  5V  bO- 11/  power,  it  is  self- 
contained,  and  in  conjunction  with  the  IX-mch 
ground  monitor  of  the  3-inch  alignment  monitor, 
it  provides  the  ground  base  equipment  necessary 
to  play  back  and  evaluate  the  in-flight  video 
recordings. 

I'lti v back  Monitor.  The  playback  monitor  is  an 
unmodified  Sony  CVM  IKO/U.  I  Hindi.  AC 
operated  television  receiver  and  video  tape 
monitor  The  monitor  is  capable  of  playing  back 
audio  and  video  signals  either  directly  from  the 
airborne  recorder  with  a  special  cable  or  directly 
from  the  A\'-3bl)0  playback  recorder  with  the 
cable  provided.  Additionally,  when  not  m  use  for 
AVRS  purposes,  the  monitor  can  be  operated  as  a 
conventional  broadcast  TV  receiver. 


IV.  KI  Sl  LIS  AM)  DISCI  SSION 

I  he  objective  of  the  project  was  to  obtain  a 
low -cost,  reasonably  reliable  AVRS  that,  when 
installed  in  the  A-71).  would  provide  video  of 
sufficient  resolution  to  recoid  all  III '!)  symbology 
as  well  as  the  outside  world  cues  of  primary 
mleresi  Ibis  was  the  first  phase  of  a  two-phase 
etlort  I  he  second  phase  is  to  evaluate  the  equip¬ 
ment  as  a  method  lor  improving  quality  of  training 
and  lor  possible  use  lit  pilot  proficiency  assess¬ 
ment  Wnh  a  few  reservations  u  can  be  fairly 
slated  ilia  I  the  objective  of  the  piojecl  was  me  I  A 
number  ol  deficiencies  were  encountered,  and 
some  ol  these  were  corrected  during  the  test. 
Although  other  deficiencies  still  remain  un¬ 
resolved  it  is  not  tell  that  they  will  prevent  the 
saiislaslory  conclusion  ot  the  evaluation  phase.  A 
discussion  ot  these  problem  areas  follows  It  is  not 
all  inclusive  but  covers  the  more  significant 
delis  ten,  ies 


liorcsight.  It  proved  to  be  quite  difficult  to 
obtain  a  borcsiglit  which  could  capture  all  MUD 
symbology.  The  symbology  in  the  upper  right 
quadrant  was  not  recorded  with  the  aircraft 
combining  glass  in  the  forward  position.  A  slightly 
larger  mirror  improved  but  did  not  eliminate  the 
problem.  However,  the  loss  can  be  reduced  to  an 
acceptable  level  by  careful  borcsiglit. 

I' hi tet in  Htirnini;.  Direct  exposure  to  the  sun 
will  cause  burned-in  images  to  the  vidicon. 
Although  they  cannot  be  prevented,  they  can  be 
reduced  by  keeping  a  lens  cover  on  the  lens  when 
the  camera  is  not  in  use.  These  burns  did  not  |>rove 
to  be  a  serious  problem  since  they  were  found  to 
heal  within  a  very  short  time. 

Light  Level  Adaptation.  It  was  found  that  the 
vidicon  automatic  gain  control  could  not 
sufficiently  compensate  for  high  light  levels.  When 
the  system  was  exposed  to  quite  high  light  levels, 
the  HUD  symbology  became  very  indistinct,  and 
giound  contrast  was  degraded.  The  video  became 
washed  out.  The  use  of  a  medium  green  photo¬ 
graphic  filter  improved  video  quality  to  an 
acceptable  degree. 

(i  l'.)jeet.  The  video  began  to  distort  with  the 
application  of  3  g's  and  was  unusable  at  4  g's  and 
above.  Although  experience  has  indicated  that  this 
problem  can  he  eliminated  by  mounting  the 
recoider  in  the  vertical  position,  space  limitations 
m  the  A-7D  prevented  such  an  installation.  Since 
aircraft  maneuvering  can  be  completed  with  no 
more  than  3  g's  for  those  areas  of  primary  inteiest. 
it  is  not  a  significant  problem.  In  air-to-ground 
gunnery,  for  instance,  the  area  of  primary  interest 
is  the  turn  to  final  and  the  final  itself  when  few  g's 
are  induced.  The  pullout  or  recovery  when  more 
than  3  g’s  are  usually  applied  is  of  secondary 
interest. 

light  UaJJle.  The  glare  shield  did  not  cause 
video  difficulties  when  it  was  properly  aligned, 
because  it  used  only  a  single  mounting  screw,  how¬ 
ever.  ii  tended  to  become  misaligned.  This 
problem  was  easily  corrected  by  simply  installing 
another  screw.  A  more  serious  problem  was  dis¬ 
traction  to  the  pilot  Although  cx|)crienced  pilots 
probably  can  cope  with  such  distraction,  n  may  be 
unwise  to  allow  new  student  pilots  to  llv  the  lest 
aircraft  Use  of  a  polari/cd  lens  in  conjunction 
with  a  po|ari/cd  AVRS  combining  glass  may 
alleviate  the  problem,  and  this  technique  is  being 
investigated.  If  it  is  successful,  need  foi  the  light 
baffle  will  be  eliminated. 
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Schematic  diagram  of  AVRS  installation 
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/■\e.  -i.  Schematic  diagram  of  AVRS  cable  interconnection. 


Composite  Video  i  Alignment 


Functional  block  diagram  of  AVRS. 


